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Taking into account the experimental results of the HiRes and AUGER collaborations, the present status of 
bounds on Lorentz symmetry violation (LSV) patterns is discussed. Although significant constraints will emerge, 
a wide range of models and values of parameters will still be left open. Cosmological implications of allowed 
LSV patterns are discussed focusing on the origin of our Universe, the cosmological constant, dark matter and 
dark energy. Superbradyons (superluminal preons) may be the actual constituents of vacuum and of standard 
particles, and form equally a cosmological sea leading to new forms of dark matter and dark energy. 



1. Patterns of Lorentz symmetry violation 

A formulation of Planck-scale Lorentz symme- 
try violation (LSV) testable in ultra-high energy 
cosmic-ray (UHECR) experiments was proposed 
in |1I2) . It involves two basic ingredients: i) 
the existence of a privileged local reference frame 
(the vacuum rest frame, VRF) ; ii) an energy- 
dependent parameter driving LSV and possibly 
making it observable in the ultra-high energy 
(UHE) region. Then, standard special relativ- 
ity can remain a low-energy limit in the VRF, 
contrary to approaches where the critical speed 
in vacuum is not the same for all standard parti- 
cles. A simple LSV pattern of the type proposed 
in [112] is quadratically deformed relativistic kine- 
matics (QDRK), where the effective LSV parame- 
ter varies quadratically with energy. In the VRF, 
we can write: 

E = (27r)-^ hca-'^ e (k a) (1) 

E being the particle energy, h the Planck con- 
stant, c the speed of light, k the wave vector, a 
the fundamental length and [e {k a)Y a convex 
function of (k a)^. a can correspond to the Planck 
scale or to a smaller length scale. Expanding (1) 
for fc a ^ 1 , we get [2]: 

e(fca) ~ [(kaf -a{kaf + {2TTafh-^m'c^Y/^ 

(2) 

where p is the particle momentum, a a positive 
model-dependent constant and m the mass of the 



particle. For p ^ mc , one has: 

E c^i p c + m"^ e' {2 ~ pca(k af (3) 

Kinematic balances are altered, potentially lead- 
ing to observable phenomena, above a transi- 
tion energy Etrans where the deformation term 
— p c a {k a)^/2 becomes of the same order as 
the mass term (2 p)~^ . For this comparison 

to make sense, the existence on an absolute local 
rest frame is a fundamental requirement, even if 
the ansatz (l)-(3) can be a limit of many different 
basic theories. 

Assuming exact energy and momentum conser- 
vation, two important implications of QDRK for 
UHE particles were already emphasized in |1J : i) 
QDRK can lead to a suppression of the Greisen- 
Zatsepin-Kuzmin (GZK) cutoff 3 4 ; ii) unstable 
particles live longer at UHE than in standard spe- 
cial relativity, and some of them can even become 
stable at these energies. For such phenomenolog- 
ical applications, the Earth is assumed to move 
slowly with respect to the VRF. 

Subsequent papers |2|5|6j further discussed 
these issues and that of the universality of the 
a parameter. Particles with negative values of 
a could not be stable at UHE, or even at lower 
energies. Assuming a to be positive, particles 
with lower values of a would decay into those 
with larger a. There would be at least one sta- 
ble UHE particle, with the highest value of a. 
A recent paper by Mattingly et al. [7] studies a 
particular application of this discussion to neu- 
trinos. More obvious possibilities can be consid- 
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ered [21516] . taking different families of particles. 
Spontaneous decays of protons and nuclei by pho- 
ton emission due to LSV can fake the GZK cutoff 
[5]. Similarly, spontaneous decays of UHE pho- 
tons into e+ e~ pairs, or the converse effect, may 
occur at UHE with a moderate difference in a 
between electrons and photons [5*8'. 

The model previously proposed by Kirzhnits 
and Chechin [5] does not lead to such predictions 
and is unable to produce the suppression of the 
GZK cutoff [fO, . The situation is similar for stan- 
dard Doubly Special Relativity (SDSR) patterns 
[TT] . In both cases, the laws of Physics are as- 
sumed to be the same in all inertial frames. Thus, 
a symmetry transformation can turn the UHE 
particle into a less energetic one, leading to a situ- 
ation where LSV is weaker. We call Weak Doubly 
Special Relativity (WDSR) our approach that, in- 
stead, assumes the existence of a local privileged 
VRF where special relativity is a low-energy limit. 
In this case, the laws of Physics are not exactly 
identical in all inertial frames. The QDRK dis- 
cussed here is a particular form of WDSR. 

In 1971, Sato and Tati [12| suggested that the 
possible absence of the GZK cutoff be explained 
by an ad hoc suppression of hadron production in 
UHE collisions related to a cutoff in the Lorentz 
factor below « 10^^. Pion production would then 
be precluded above sa 10^^ eV. Our proposal does 
not involve such a hypothesis. UHE protons can 
release a substantial part of their energy in the 
form of pions when colliding with a photon, pro- 
vided the photon energy is larger than both the 
proton mass term and the LSV deformation term 
of proton kinematics. In QDRK, contrary to 
the Sato- Tati scenario, the possibility to suppress 
the GZK cutoff is linked to the exceptionally low 
energy of cosmic microwave background (CMB) 
photons and not to an intrinsic cutoff on UHE 
hadron production. 

From a cosmological point of view, it seems rea- 
sonable in WDSR patterns to associate to Planck 
time, or to a smaller time scale, the arisal of LSV 
in the structure of the physical vacuum. This 
time scale can be w a c^^, or w a cj^ if a 
critical superluminal speed Cs exists as in the su- 
perbradyon hypothesis. In all cases, the inter- 
nal structure of the physical vacuum and the his- 



tory of the Universe may contain strong remnants 
of their early, Lorentz violating, formation that 
are not incorporated in standard particle physics 
and cosmology. Such remnants can also exist as 
free particles in the present Universe or have in- 
fluenced structure formation. Issues such as the 
cosmological constant, inflation, dark matter and 
dark energy may crucially depend on the role of 
this new physics. 

2. Superbradyons 

Standard preon models 1131 assumed that pre- 
ons feel the same minkowskian space-time as 
quarks, leptons and gauge bosons, and carry the 
same kind of charges and quantum numbers. But 
there is no fundamental reason for this assump- 
tion. 

Superbradyons [l|8|14j would have a critical 
speed in vacuum Cs ^ c possibly correspond- 
ing to a superluminal Lorentz invariance (a sym- 
metry of the Lorentz type with Cg instead of c). 
They may be the ultimate constituents of mat- 
ter, generate LSV for "ordinary" particles (those 
with critical speed equal to c) and even obey a 
new mechanics different from standard quantum 
mechanics |15ll6j . 

After Planck time, superbradyons and "ordi- 
nary" particles may coexist in our Universe. In 
this case, contrary to tachyons, superbradyons 
would have positive mass and energy, explicitly 
violate standard Lorentz invariance and be able 
to spontaneously emit "Cherenkov" radiation in 
vacuum in the form of "ordinary" particles. Sin- 
gle superbradyons would in general have very 
weak direct couplings to the conventional inter- 
actions of standard particles. In particular, they 
would not obey the standard relation between in- 
ertial and gravitational mass. Then, the vacuum 
itself may present a similar behavior leading to 
important effects. We do not consider here : i) 
the possible existence of several superbradyonic 
sectors of matter ; ii) the possible differences be- 
tween the critical speed of superbradyons in their 
original dynamics without conventional matter, 
and the actual superbradyon critical speed in our 
Universe. 

In the VRF, the energy E and momentum p 
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of a free superbradyon with inertial mass m and 
speed V would be : 

E = c, 



P 



Cs 

m V {1 



2 2\l/2 
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and, for v ^ Cg , we get : 
E ~ + TO 



TO W 



(4) 
(5) 



(6) 
(7) 



The kinetic energy Ekin is then 
Ekin — rn and Ekm ^ p c for w 3> c. 

Superbradyons with v > c are kinematically 
allowed to decay by emitting standard particles. 
As lifetimes for such processes can be very long 
because of the weak couplings expected, the de- 
cays may still exist in the present Universe and 
play a cosmological role. A superbradyon de- 
cay would emit a set of conventional particles 
with total momentum <^ E^ where 
Et is the total energy of the emitted particles. 
Such an event may fake the decay of a conven- 
tional heavy particle or the annihilation of two 
heavy particles, or contain pairs of heavy parti- 
cles of all kinds. The situation would be similar 
if the superbradyon decays into one or several 
lighter superbradyons plus a set of conventional 
particles, or if two superbradyons annihilate or 
interact emitting "ordinary" particles. 

Superbradyons can thus provide an unconven- 
tional form of dark matter in our Universe, and 
even produce observable signatures at compara- 
tively low energies. Those with w ~ c would form 
a stable sea, except for annihilations. The possi- 
bility that superbradyons be a source of standard 
UHECR was also considered in [T^ . 

3. Experimental considerations 



As emphasized in |2|5|6) . a LSV w 10"*^ at 
the Planck scale in QDRK for the highest-energy 
particles would be enough to suppress the GZK 
cutoff. Thus, such an approach to LSV is cur- 
rently being tested by ultra-high energy cosmic- 
ray (UHECR) experiments. Data and analyses 
from the AUGER [18] and HiRes |19] collabora- 
tions possibly confirm the existence of the GZK 
cutoff. Significant bounds on LSV scenarios will 



emerge from these data. However, a large domain 
of LSV patterns and values of parameters will still 
remain allowed, even for QDRK models j8|20j . 

A crucial issue is that of the composition of 
the UHECR spectrum. The AUGER Collabora- 
tion has recently reported [22] a systematic incon- 
sistency of available hadronic interaction models 
when attempting to simultaneously describe the 
observations of the Xmax parameter and the num- 
ber of produced muons. Data on X^ax sug- 
gest UHECR masses to lie in the range between 
proton and iron, while data hint to heavier 
nuclei. 

If the highest-energy particles are nuclei, the 
AUGER and HiRes results can still be compatible 
with a LSV w 1 at the Planck scale {a « a|,; , 
where api is the Planck length) for quarks and 
gluons. But even assuming that a significant part 
of the highest-energy particles are protons, the 
actual bounds on LSV for quarks and gluons will 
depend on the internal structure of the proton 
at UHE. Possible spontaneous decays of UHECR 
protons and nuclei, but also of photons, must 
equally be considered [8]. Further explorations 
will thus be required, including satellite experi- 
ments ^21' . 

Other LSV patterns (e.g. LDRK, linearly de- 
formed relativistic kinematics, where the parame- 
ter driving LSV varies linearly with energy) were 
discarded in [1] and |2|5|6j . as they lead to too 
strong effects at low energy if the parameters are 
chosen to produce observable effects at UHECR 
energies. Hybrid models with high-energy thresh- 
olds can still be considered [21], but will not be 
dealt with here. Inhibition of synchrotron radi- 
ation in LSV patterns was predicted and stud- 
ied in our 1997-2001 papers for QDRK at UHE 
|2l5l6j , leading also to tests like that presented in 
[23] for 100 MeV synchrotron radiation from the 
Crab nebula with the same kind of calculation in 
a version of LDRK. 

The energy balances used here involve ener- 
gies that are very small as compared to those of 
the particle interactions considered. Therefore, 
UHECR experiments can also be viewed as tests 
of energy and momentum conservation and of the 
validity of quantum mechanics at UHE [15116] . 
These phenomenological aspects deserve further 
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study. 

As an alternative to standard dark matter, cos- 
mic superbradyons can potentially provide |151 an 
explanation to the electron and positron abun- 
dances reported by PAMELA ATIC [25], 
Fermi LAT [26], HESS [27] and PPB-BETS [H]. 
A cosmological sea of superbradyons would still 
be decaying through the emission of " Cherenkov" 
radiation in vacuum or releasing conventional 
particles for some other reason. Whether or not 
data on electrons do exhibit a bump between 300 
GeV and 600 GeV [SO] does not change this con- 
clusion. To date, the interpretation of such exper- 
imental results in terms of standard dark matter 
remains unclear 131 . More conventional astro- 
physical interpretations of these data have been 
considered in 26 32^. 

The possible experimental consequences of a 
superbradyon era in the early Universe deserve 
further investigation [15116] . as well as the role 
of superbradyons in the present vacuum, its con- 
nection to dark energy effects and the possibility 
that superbradyonic matter replaces some of the 
scalar field condensates of standard physics and 
cosmology. 

4. Post Scriptum after publication in AIP 
Conference Proceedings 

The version vl of this paper [33] (December 
2009), that we have reproduced here, corresponds 
to the text published in the Proceedings of the 
2009 Invisible Universe Conference [34]. In what 
follows, we add some comments and references on 
more recent information and new ideas. 

Recent LHC data on the quark-gluon plasma 
[35] . confirming previous RHIC results at lower 
energies [36], seem to suggest that some aspects 
of standard cosmology may have to be reconsid- 
ered. In this respect, it seems worth further em- 
phasizing the potential role of vacuum in issues 
concerning cosmology and the structure and be- 
haviour of matter at very small distances [37138) . 
This is particularly relevant for tests of the valid- 
ity of fundamental laws (relativity, quantum me- 
chanics, energy and momentum conservation...) 
but it also applies generally to other basic ques- 
tions in particle physics and astrophysics. To 



date, essential issues remain unsettled concern- 
ing the vacuum structure, dynamics and evolu- 
tion between the beginning of our Universe and 
the present epoch. 

Thus, caution is required when inferring conse- 
quences from LHC and other accelerator results 
for cosmological eras (f.i. concerning the possi- 
ble properties of a quark-gluon plasma), as the 
present physical vacuum is not the same and we 
are living in a much colder Universe. 

Energy thresholds in LSV were considered in 
[21j , but a more radical version has been recently 
suggested by Anchordoqui et al. [39] where the 
number of effective space dimensions decreases 
with the energy scale through scale thresholds. 
This new LSV pattern may be a candidate to 
explain the jet alignement possibly observed by 
Pamir and other experiments above ~ 10^^ eV 
|40|41j . Actually, as shown in [37] , missing trans- 
verse energy in cosmic-ray interaction jets above 
some energy scale 10^^ eV to fit Pamir data) 
can be due to the production of superbradyonic 
objects (waves, particles...) involving a small por- 
tion of the total energy and a negligible fraction 
of momentum. Such a phenomenon, that can be 
related to energy capture by vacuum, would nat- 
urally lead to elongated jets. Subsequent polar- 
ization effects inside vacuum and secondaries can 
then contribute to planar jet alignment 38 . 

Similar phenomena can also be present at 
higher energies than those considered by the anal- 
yses of the Pamir data. Furthermore, at a scale 
above the highest observed cosmic-ray energies, a 
fall of the cross-sections of cosmic rays with the 
atmosphere is also expected 5 . 

As previously foreseen for LSV with QDRK 
[14121] considering the role of the deformation 
and the new approach to vacuum structure, the 
recent suggestion by Anchordoqui et al. is also 
claimed to potentially cure ultraviolet divergences 
in field theory [35] or solve the cosmological con- 
stant problem [5T]. More generally, a new ap- 
proach to quantum field theory seems necessary 
at the present stage for very high energy interac- 
tions and vacuum structure. 

As in other periods in the development of par- 
ticle physics, condensed matter physics can be a 
useful guide to elaborate new concepts adapted 
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to current open questions |lll4l38j . 

Completing 8^., reference [35] also updates our 
analysis of the present situation concerning data 
from UHECR experiments and the tests of special 
relativity in the GZK energy region. 

Another recent development is the publica- 
tion of the 7-year WMAP data and analyses 
|42) . leading in particular to the suggestion by 
Gurzadyan and Penrose [53] that concentric cir- 
cles in WMAP data exhibiting anomalously low 
temperature variance may provide evidence of vi- 
olent pre-Big-Bang activity. For further discus- 
sion on the WMAP concentric circles, see 144145) 
and [46147] . In an approach based on conformal 
cyclic cosmology [48149] , Gurzadyan and Penrose 
consider black-hole encounters in a previous aeon, 
possibly producing such signals and questioning 
the validity of standard inflation. Noncyclic cos- 
mologies based on superbradyonic dynamics and 
a superbradyon era replacing or preceding the 
standard Big Bang have also been proposed as an 
alternative to inflation [1 4115116138 1 and can nat- 
urally provide explanations to this kind of obser- 
vations. Then, the possible WMAP signals may 
have been generated in the previous superbrady- 
onic universe or during the transition from su- 
perbradyonic to ordinary matter. More generally, 
LSV patterns with a fundamental length smaller 
than the Planck length can also produce similar 
phenomena in the transition to Planck scale. 

Furthermore, the discussion on the WMAP cir- 
cles raises more globally the question of the pos- 
sible lack of randomness of WMAP data. Ac- 
cording to Gurzadyan et al. [4^, the cosmologi- 
cal sky is a weakly random one where "the ran- 
dom perturbation is a minor component of mostly 
regular signal". Such a situation, if confirmed, 
may open unprecedented ways for new cosmolog- 
ical phenomenology, including tests of all kinds of 
alternatives (string-like, LSV with a new funda- 
mental length, superbradyons...) to the standard 
Big Bang and inflationary scenarios. 

Superbradyon patterns and LSV generated be- 
yond Planck scale can thus provide coherent, non 
cyclic, alternatives to current cyclic cosmologies 
describing pre-Big-Bang scenarios. Strings would 
then naturally become composite objects or be re- 
placed by new theoretical concepts at the Planck 



scale or beyond. 

Although the superbradyon hypothesis and 
QDRK do not by now provide a theory of matter, 
they should not be considered as a purely phe- 
nomenological framework. Superbradyons imply 
a new conceptual approach to preons and to the 
structure of vacuum and conventional particles. 
QDRK is the natural choice for the deformed rela- 
tivistic kinematics if the particles of the standard 
model are assumed to be composite [1137138] . It 
remains to be determined to what extent su- 
perbradyons can be represented as particles, if 
they indeed obey quantum mechanics and a new 
Lorentz symmetry with Cs as the critical speed, if 
or how energy and momentum are conserved at 
UHE scales... The study of UHE physics and of 
the possible superbradyonic domain will require 
a long term experimental and phenomenological 
work involving UHECR experiments and possibly 
the study of cosmic microwave background radi- 
ation. LHC experiments and dark matter studies 
can also be relevant in specific cases [14138152] . 

A possible solution to the dark energy prob- 
lem may also involve geometric patterns of space- 
time structure like that considered in [50], where 
it was suggested to replace the standard real four- 
dimensional space-time by a SU(2) spinorial one. 
Then, spin-1/2 particles would be representations 
of the actual group of space-time transformations. 
From a space-time spinor ^, the positive scalar 
I C P = can be obtained where the dagger 
stands for hermitic conjugate. In a simple physi- 
cal interpretation of the geometry at cosmological 
scale, a positive cosmic time t = | ^ |, the spinor 
modulus, can be defined which leads in particu- 
lar to a naturally expanding Universe. To define 
local space coordinates in this approach, one can 
consider a spinor (the observer position) on the 
I ^ I = to hypersphere. Writing, for a point ^ of 
the same spatial hypersphere : 

? = U^o (8) 

where J7 is a SU(2) transformation : 

U = exp {i/2 1 CT.x) = [/(x) (9) 

and a the vector formed by the Pauli matri- 
ces, the vector x, with < a; (modulus of x) 
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< 27rto, can be interpreted as the spatial posi- 
tion vector at constant time ip- A 27r rotation 
(x — 27rio , U = — 1) changes the signs of 
^0 and ^ simuhaneously, and leaves x invariant. 
Conventional local space coordinates are obtained 
for x <C to- More details can be found in |50) . 

Then, the local time scale and physical laws 
will be determined by physical processes and vac- 
uum structure in the space-time region close to 
^0- The very small t region, associated in princi- 
ple to the Big Bang, may be deformed or altered 
by superbradyon dynamics and by LSV generated 
beyond Planck scale. 

Reformulating general relativity, quantum field 
theory, possible LSV and cosmology in such 
spinorial coordinates can be a useful exercise, and 
will be further dicussed elsewhere. 

5. Note added to the Post Scriptum 

Further discussion on possible signatures of 
cyclic cosmologies and on the degree of random- 
ness of WMAP data can be found in (53t54j . 
pT56] and [57l58] . 

In page 2 of this paper, the sentence : "In 1971, 
Sato and Tati \12\ suggested that the GZK be ex- 
plained by an ad hoc suppression of hadron pro- 
duction in UHE collisions" must be understood as 
referring to an explanation of the possible absence 
of the GZK cutoff suggested in |T2]. According to 
Sato and Tati, the GZK cutoff would possibly be 
absent due to an impossibility to produce pions 
above w 10^^ eV. As stressed above, such a con- 
straint does not exist in QDRK. 

5.1. Are "fundamental principles" funda- 
mental ? 

In connection with such a debate, it seems 
worth emphasizing again that properties of the 
standard particles and of our Universe nowadays 
considered as fundamental principles of Physics 
may actually be of composite origin or the natu- 
ral result of a primordial evolution. 

As an example, Lorentz symmetry (even ap- 
proximate or as a low-energy limit) can be a 
natural outcome of many primordial scenarios 
due to the stability of its kinematical struc- 
ture as compared to other space-time geometries 



(f.i. euclidean) that would make matter unstable 
through spontaneous particle production and are 
also disfavoured by phase space considerations. 

A simple illustration of metrics instability can 
be provided by a kinematics of the form: 

+ {p c'f = M2 c'4 (10) 

where c' is a characteristic speed and M a mass. 

With such a kinematics, the particle phase 
space is strongly restricted as compared to a 
minkowskian metrics. Therefore, possible metrics 
fiuctuations at the Big Bang scale or at some pre- 
vious fundamental scale can eventually favour the 
transition to a space-time structure of the stan- 
dard Lorentz type. Furthermore, if the kinemat- 
ics defined by (10) applies, the vacuum can in 
principle spontaneously emit particles with mo- 
mentum p ~ M c' and is therefore naturally 
unstable. Again, the dynamical transition to a 
minkowskian metrics appears as a logical phe- 
nomenon. 

Such considerations apply not only to conven- 
tional particles, but also to superbradyons. They 
may naturally lead to the patterns considered in 
our papers since 1995 |14I21| where several sectors 
of matter may exist with different critical speeds 
in vacuum but possibly obeying in all cases sym- 
metries of the Lorentz type in the low-momentum 
limit. 

Then, it is possible that effective space-time 
configurations of a different form can only ex- 
ist temporarily in specific transition situations 
(the nucleation of our Universe in superbradyonic 
matter ?). 

5.2. Our Universe and pre-Big Bang super- 
bradyonic matter 

As emphasized in version 5 of ,15^ , in a compos- 
ite pattern where the standard particles and our 
Universe would be generated from a superbrady- 
onic medium, the standard gauge bosons do not 
need to be associated to local symmetries in the 
conventional sense. 

Superbradyons would not be mere building 
blocks in the usual sense of conventional preon 
[13j patterns. They can instead form a real 
new phase of matter where conventional particles 
would be collective excitations of a large medium. 
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This may have strong imphcations for standard 
gauge theories. 

Then, the Big Bang may correspond to the 
nucleation of a new phase of matter (the "con- 
ventional" one as seen by human observers) in 
a superbradyonic pre-Universe. The new phase 
subsequently expands in superbradyonic matter. 
Several scenarios can then be imagined, such as 
for instance : 

i) The Universe just expands as a nucleated 
phase, the nucleation corresponding basically to 
the transformation of the superbradyonic ground 
state into our physical vacuum. Then, if the ex- 
pansion of the conventional vacuum occurs in a 
locally random way, the dilation of the apparent 
space can be a natural consequence leading to 
Lemaitre's relation between distances, velocities 
and redshifts [59]. The dark energy effect can be 
related to the energetic balance of the phase tran- 
sition between the superbradyonic ground state 
and the conventional vacuum. 

ii) Our three-dimensional Universe is similar 
to a new kind of three-dimensional soliton in a 
space with four or more dimensions. Soliton - 
antisoliton pair production may then account for 
matter-antimatter separation and CP violation. 
Such solitons would have an internal structure, 
initially very hot and with a very small spatial 
size, and expand in the superbadyonic matter. 
Again, Lemaitre's law can result from relaxation 
through the expansion of the conventional phys- 
ical vacuum from the phase transition of the su- 
perbradyonic matter. 

iii) Our Universe is generated within a spino- 
rial space-time structure like that described in 
[5D] , also considered in [35] and in the above 
Post Scriptum. Then, the standard space coordi- 
nates would be defined locally and Lemaitre's law 
would correspond to conventional matter follow- 
ing basically straight lines along the orthogonal 
(cosmic time) direction. The relation between lo- 
cal and cosmic time would depend on the dynam- 
ics of the Universe expansion. 

Scenario iii) appears particularly well suited to 
describe half-integer spin as a real angular mo- 
mentum and formulate a primordial version of 
quantum mechanics. Incorporating a similar ge- 
ometry into scenarios i) and ii) is also feasible. 



In i), a physical privileged point or small zone 
inside our Universe may correspond to its ori- 
gin. In ii), a similar point or small zone can 
exist in the superbradyonic matter. Matter and 
energy exchanges between the conventional Uni- 
verse and outside superbradyonic matter cannot 
be excluded. 

5.3. Are gauge field theories really exact 
tiieories ? 

Standard quantum field theory is based on lo- 
cal gauge symmetry, where the existence of gauge 
bosons is required by invariance under local sym- 
metry transformations. But does this concept ap- 
ply to Physics at Planck scale or beyond it ? How 
should it be possibly modified ? And how would 
possible new Physics extrapolate to lower energy 
scales, especially if the string model is not the 
ultimate theory [38] ? 

In an underlying superbradyonic picture, tak- 
ing for simplicity a lattice description, our con- 
ventional gauge interactions can at the origin be 
associated to nearest-neighbour couplings (local 
potentials) describing the interaction between dif- 
ferent local superbradyonic excitation modes. At 
such stage and scales, quantum mechanics would 
not necessarily apply and virtual standard parti- 
cles are not yet needed. 

Then, it is perfectly conceivable that a new dy- 
namics be at work where the standard vector bo- 
son fields carrying the conventional gauge forces 
would be generated from the superbradyonic mat- 
ter and degrees of freedom only in specific situ- 
ations. Basicallly, when these nearest-neighbour 
couplings turn out to depend on position, time 
and direction due to the material existence of 
propagating vacuum excitations (the standard 
particles) involving the same family of local ex- 
citation modes. In the absence of surround- 
ing conventional particles, the vacuum structure 
would be different from that suggested by stan- 
dard quantum field theory. 

In this case, for instance, the Higgs bosons 
would not need to be statically materialized as a 
permanent condensate in the physical vacuum of 
our Universe. The Higgs mechanism can instead 
be part of a dynamical reaction of vacuum to the 
physical presence of gauge bosons and of other 
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standard particles, and occur at the set of fre- 
quencies required by the interaction between the 
standard particles involved. Otherwise, the orig- 
inal superbradyonic matter and degrees of free- 
dom can fill the physical vacuum in a different 
way. Similar considerations would apply to the 
zero modes of standard bosonic oscillators. Con- 
trary to conventional quantum field theory, only 
the wavelengths and frequencies excited by the 
presence of standard matter would contribute to 
the conventional local vacuum condensate. 

Such a scenario would imply that the energy 
difference between the superbradyonic ground 
state and our vacuum is small, and that the su- 
perbradyonic structure does not couple to grav- 
ity and to other conventional interactions in the 
same way standard matter (including the vac- 
uum) does. It does not contradict experimental 
results j60|61j on the Casimir effect [62] . It natu- 
rally generates new and simpler solutions to the 
cosmological constant problem, as well as to the 
dark energy and dark matter issues, and leads to 
a new and safer approach to the question of ul- 
traviolet divergencies. 

5.4. UHECR tests of fundamental princi- 
ples 

Two recent papers by the AUGER collabora- 
tion are [6 3. 64^ . See also [65 66 . The crucial 
question of UHECR cosmic-ray composition re- 
mains by now to be settled. 

Saveliev, Maccione and Sigl [57] have recently 
used for phenomenological purposes the QDRK 
model we suggested in 1997 [l|2j and the subse- 
quent pattern for nuclei we worked out }68| where 
the effective LSV parameter varies basically like 
~ 7V~^, N being the number of nucleons (see 
also [8]). They also use the vacuum Cherenkov 
effect from superluminal particles already consid- 
ered in |69|70j and more recently in [8|38j . For 
positive values of a, Saveliev et al. they get up- 
per bounds similar to those suggested in [S] . Con- 
cerning spontaneous decays in DRK patterns, see 
also [H] and [72]. 

However, Saveliev et al. also consider possible 
negative values of a and one might infer from 
their result that, if ^^Fe is present in the UHECR 
spectrum at = 10^° eV, then — a can be as 



large as ~ 4 for single nucleons taking a to be 
the Planck length api. 

In this respect, it must be noticed that for 
a = - 4, one has a positive deformation term 
AE ^ - p c a {k afjl ~ 13 eV for E 
(nucleon) = 10^^ eV, whereas the nucleon mass 
term at this energy is w? (2 ~ 4xl0~^ 

eV. With such a kinematics, a 10^^ eV proton 
can spontaneously decay, for instance, into two 
protons plus an antiproton. Other spontaneous 
decays will also occur, with processes depending 
on the value of a for pions, protons, electrons... 
Massless photons with a positive value of — a 
would be unstable at all energies due to sponta- 
neous decays. 

As the photon cannot in principle have a neg- 
ative value of a, we expect all charged particles 
with a negative a to spontaneously decay by emit- 
ting a photon above some energy. Such a decay 
would be kinematically allowed for protons above 
~ 4x10^® eV if a (photon) = and - a (proton) 
~10~'* which corresponds to the lowest positive 
bound on - a considered by Saveliev et al. As pho- 
tons with any energy can be spontaneously emit- 
ted in this case, we expect such decays to preclude 
the astrophysical propagation of charged particles 
at energies where the positive deformation term 
is larger than the mass term. 

Furthermore, a negative a would make more 
difficult particle acceleration at astrophysical 
sources and increase synchrotron radiation by the 
converse effect to that described in [73] . 

As further emphasized in [38], relativity is not 
the only fundamental principle of Physics that 
can be tested by UHECR experiments. If a privi- 
leged inertial local rest frame exists, as systemat- 
ically assumed in our papers, all basic principles 
of our current understanding of Nature may un- 
dergo changes or transitions at the Planck scale 
or at some other scale, possibly leading to observ- 
able signatures at very high energy. 

If quantum mechanics has been generated in 
our Universe at the Planck scale or somewhere 
between a "nucleation time" and the Planck time, 
the standard quantum mechanics is expected to 
be deformed as considered above and in [16|38j . 
A more complete analysis of possible patterns of 
quantum mechanics deformation in cosmological 
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scenarios with a VRF is required at that stage in 
view of test with UHECR. 

Similarly, if as suggested above the Higgs bo- 
son and the standard bosonic zero modes are 
not permanently condensed in vacuum, and if 
the energy difference between the superbradyonic 
ground state and our vacuum is actually small, 
nonstandard fluctuations of the vacuum structure 
may occur in large zones of our Universe and be 
felt by conventional particles during intergalactic 
or galactic propagation. Again, UHECR exper- 
iments may be sensitive to such effects. More 
details will be presented elsewhere. 

REFERENCES 



L. Gonzalez- Mestres, |arXiv:physics/9704017 
L. Gonzalez-Mestres, Proc. 25th ICRC 
(Durban, 1997), VoL 6, p. 113 (1997), 
rarXiv:physics/9705031, 
K. Greisen, Phys.Rev.Lett. 16, 148 (1966). 
G.T. Zatsepin and V.A. Kuzmin, JETP Lett. 

4 , 78 (1966). 

L. Gonzalez-Mestres, arXiv:physics/9706032 
L. Gonzalez-Mestres, talk given at the 
Workshop on Observing Giant Cosmic 
Ray Air Showers From > 10^° eV 
Particles From Space, College Park, 
AIP Conference Proceedings 433, p. 
(1998), |arXiv:physics/9712047| ; 
author, arXiv:physics/0003080 



148 



same 



arXiv:astro-ph/0011181 



and 



7. 
8. 



arXiv:astro-ph/0011182 



D.M. Mattingly et al., arXiv:0911.0521' 
L. Gonzalez-Mestres, CRIS 2008 Proceedings, 
Nucl. Phys. B, Proc. Sup. 190, 191 (2009), 
arXiv:0902.0994, and references therein. 
D.A. Kirzhnits, and V.A. Chechin, V.A., 
ZhETF Pis. Red. 14, 261 (1971); Yad. Fiz. 
15 , 1051 (1972). 

L. Gonzalez-Me stres, |arXiv:hep-th/0208064| 



10. 

and |arXiv:hep-th/0210141 

11. See, for instance : 
arXiv:hep-th/0402117 ; 



J. 
G. 



Lukierski, 
Amelino- 



Camelia, |arXiv:gr-qc/ 0501053 ; J. 
Magueijo, arXiv:gr-qc/0603073; L. Smolin, 
[arXiv:hep-th/0605052 and arXiv:0808.3765l 
J. Kowalski-Glikman, |arXiv:hep-th/0612280| 



12. 



13. 



14. 



; and references therein. 

H. Sato and T. Tati, Prog. Theor. Phys. 47, 
1788 (1972). 

J.C. Pati and A. Salam, Phys. Rev. DIO, 275 
(1974); H. Harari, Phys. Lett. B86, 83 (1979) 
; M. A. Shupe, Phys. Lett. B86, 87 (1979) ; 
L. Gonzalez-Mestres, Phys. Rev. D23, 2055 
(1981). 

L. Gonzalez-Mestres, arXiv.org 

papers ar Xiv:astro-ph/9505117| 
arXiv:astro-ph /9601090, 
arXiv:astro-ph/9606054. 



arXiv:astro-ph/9606054, 
arXiv:hep-ph/9610474, 



arXiv:physics/9702026| 



arXiv:physics/9703020' 
arXiv:physics/9705032 



arXiv:physics/9709006, 



arXiv:physics/9712049, 
arXiv:physics/9712056, 
| arXiv:hep-ph/9905454f 
arXiv:physics/0003080; 
arXiv:astro-ph/0407603, 
[arXiv:hep- ph/0510361, 

arXiv:hep-ph/0601219 and references given 
in these papers. 

15. L. Gonzalez-Mestres, ErXiv:0905.4146J 

16. L. Gonzalez-Mestres, arXiv:0908.4070', 

17. L. Gonzalez-Mestres, 
|arXiv:astro-ph/9606054[ 

18. Pierre Auger Observatory, 'http://auger.orgl 
; The Pierre Auger Collaboration, Science, 
318, p. 939-943 (2007, arXiv:071 1.22561 

iarXiv:0903.1127l 



larXiv:0712.2843; 
[IrXiv:0903.3385, 
[arXiv:0906.2319, 
[ir2£iv:0907.4282 
Neto for the 



LarXiv:0906.2189l 
[arXiv:0906.2347l 
R. T. de Mello 
Auger CoUabora- 
E. Roulet for the 



; J- 

Pierre 

tion, [arXiv:0712.3727l ; 

Pierre Auger Collaboration, larXiv:0809.2210| 
; C. Hojvat for the Pierre Auger Collabora- 
tion, |arXiy:0810.3922 ; S. Vorobiov for the 
Pierre Auger Collaboration, arXiv:0811. 07521 
; M. Risse for the Pierre Auger Collab- 
oration, larXiv:0901.l525l Silvia Moller- 
ach for the Pierre Auger Collaboration, 
larXiv:0901."469 9; Michael Unger for the 
Pierre Auger Collaboration, [arXiv:0902.3787l 



10 



19. 



Fabian Schmidt, for the Pierre Auger Col- 
laboration, arXiv:0902.4613; and references 
given in these papers. 

High Resolution Fly's Eye, 

http:/ /www. cosmic-ray.org/ ; The HiRes 



Collaboration, |arXiv:astro-ph/0703099 



D.R. Bergman, for the HiRes Collaboration, 
arXiv:0807.2814 ; and references given in 
these papers. 

20. L. Gonzalez-Mestres, larXiv:0802."2536 '. and 
references therein. 

21. L. Gonzalez-Mestres, |arXiv:hep-ph/0510361 



22 



23 



and arXiv:hep-ph/0601219 . 
R. Ulrich for the Pierre Auger Collaboration, 
larXiv:0906.469ll 

T. Jacobson, S. Liberati and D. Mattingly, 
astro-ph/0212190_ 

24. O.Adriani et ah, ES;iv:0810.4995 ; A. Moc- 
chiutti et al.. larXiv:0905.2551 , and references 
therein. 

25. J. Chang et al.. Nature 456 (2008), 362. 

26. The Fermi LAT Cohaboration, 
larXiv:0905 .0025. arXiv:0 905.0636| 
larXiv:0907.0'373[ larXiv:0907.3289l and 
references quoted in these papers. 

27. The HESS Cohaboration, arXiv:0905,01051 
and references therein. 

S. Torii et al.. iarXiv:0809.0760 . and references 
therein. 

L. Gonzalez-Mestres, arXiv:hep-ph/0407335 
and |arXiv:hep-th/0407254 , and references 



28 



29 



therein. 
30. See, for 



31. 



instance, D. Malyshev, 
arXiv:0905.2611j and references therein. 
See, for instance, C. PaUis, arXiv:090 C3026 l 



; W. de Boer, arXiv:0910.261, and references 
therein. 

32. P. Mertsch and S. Sarkar, |arXiv:090L3152l 
T. Piran, N. Shaviv and E. Nakar, 
larXiv:0905.0904" . 

33. L. Gonzalez-Mestres, version vl of this paper 
|http': /7arxivTorg7 abs/0912 . 0725vl 

34. L. Gonzalez-Mestres, AIP Conf. Proc. 1241, 
1207 (2010). 

35. The ALICE Collaboration, arXiv:1011.3914| 
and arXiv:1011.3916 ; the ATLAS Collabo- 
ration, arXiv:1011.6182 

36. See, for instance, Lijuan Ruan, 



'arXiv:1007.2882 and references therein. 

37. L. Gonzalez-Mestres, arXiv:1009.1853 

38. L. Gonzalez-Mestres, CRTS 2010 Proceed- 
ings, Nucl. Phys. B. Proc. Supp. 212-213, 26 
(2011), arXiv:1011.4899 

39. L. Anchordoqui et al., "Vanishing Dimen- 
sions and Planar Events at the LHC", 
farXiv:1003.5914, 

40. Pamir Collaboration, A. Borisov et al., in 
Proceedings of the 4th International Sym- 
posium on Very High Energy Cosmic Ray 
Interactions, Beijing, edited by D. Linkai 
51986); Pamir Collaboration, in Proceedings 
of the 21st International Cosmic Ray Con- 
ference, Adelaide, Australia (1989), edited 
by R.J.Protheroe (University of Adelaide, 
Austraha), 227 (1990); S.A. Slavatinsky, in 
Proceedings of the 5th International Sym- 
posium on Very High Energy Cosmic Ray 
Interactions, Lodz, Poland (1988), edited 
by M. Giler (University of Lodz, Lodz, 
Poland), 90 (1989); VV. Kopenkin, A.K. 
Maanagadze, I.V. Rakobolskaya and T.M. 
Roganova, Phys.Rev. D 52 2766 (1995). 

41. A.V. Apanasenko et al., in Proceedings of 
the 15th International Cosmic Ray Confer- 
ence, Plovdiv, 7, 220 (1977) ; A.K. Mana- 
gadze et al.. Proceedings of the 27th Interna- 
tional Cosmic Ray Conference, Hamburg, 1, 
1426 (2001). 

42. Wilkinson Microwave Anisotropy Probe, 
http:/ /lambda. gsfc.nasa.gov / prod uct / map /^ 

43. V.G. Gurzadyan and R. Penrose, 
larXiv:10Tl.370 6 and references therein. 

44. A. Moss, D. Scott and J. P. Zibin, 
larXiv: 1012. 13051 

45. I.K. Wehus I.K., Eriksen H.K., 
larXiv:1012T268| 

46. V.G. Gurzadyan et al. larXivilOTLSYllI 

47. V.G. Gurzadyan and R. Penrose, 
l arXiv: 101 2. 1486 

48. R. Penrose, in "On Space and Time" ed. 
Shahn Majid, Cambridge University Press 
2008; in "Death And Anti-Death", Volume 
6: "Thirty Years After Kurt Godel (1906- 
1978)", Ed. Charles Tandy, Ria University 
Press 2009. 

49. R. Penrose, "Cycles of Time: An Extraor- 



11 



dinary New View of the Universe", Bodley 

Head, London 2010. ^ 

50. L. Gonzalez-Mestres,[arXiv:physics/9702026 



log 



51. M.A. Garcia- Aspeitia, 'arXiv: 101 1 .4334 

52. L. Gonzalez-Mestres, contribution to EPS- 
HEP97, rarXiv:physics/9708028| 

53. V.G. Gurzadyan, T. Ghahramanyan and S. 
Sargsyan, arXiv:1104.5688 

54. V.G. Gurzadyan and R. Penrose, 70. 
'arXiv:1104.5675 

55. H.K. Eriksen and I.K. Wehus, 71. 
larXiv:1105.lMTl 

56. S.K. Nffiss, arXiv:1105.505]J 

57. A.A. Kocharyan, ar Xiv:1105. 16251 and 72. 
larXiv:1106. 10041 

58. P. Staig and E. Shurvak. 'a rXiv: 1106.32431 73. 

59. G. Lemaitre, Ann. Soc. Sci. 
Brux. A 47, 49 (1927), 
'http://adsabs.harvard.edu/abs/1927ASSB. ..47.. 

60. S.K. Lamoreaux, arXiv:quant-ph/9907076 ; 
U. Mohideen and A. Roy, Phys.Rev.Lett. 81, 
4549-4552 (1998), arXiv:physics/9805038| 

61. CM. Wilson et al., arXiv:1105.4714 

62. H.B.G. Casimir, Proc. Kon. ned. Akad. 
Wetenschap. Ser. B 51, 793 (1948) 

63. Michael Unger, for the Pierre Auger Collabo- 
ration, lajXivriT03.5857l 

64. The Pierre Auger Collaboration, 
arXiv:1106.3048 

65. M. Lemoine and E. Waxman, Journal of Cos- 
mology and Astroparticle Physics (JCAP) 11 
(2009), 009, arXiv: 090L1354| 

66. G. Giacinti et al.. larXiv: 1104. 11411 and sub- 
sequent papers. 

67. A. Saveliev, L. Maccione and G. Sigl, 
arXi vriT01T2903l 

68. L. Gonzalez-Mestres, Contributed Paper 435 
to the EPS-HEP97 Conference, Jerusalem 
August 19 - 26, 1997, arXi^ucfah/9708028| 
; same author, talk given at the International 
Conference on Relativistic Physics and some 
of its Applications, Athens (Greece) 25-28 
June 1997, arXiv:physics/9709006 , pubhshed 
in Open Questions in Relativistic Physics, 
edited by F. Selleri, C. Roy Keys Inc. 1998. 

69. L. Gonzalez-Mestres, Proceedings of the 
January 1995 Moriond Workshop on Dark 
Matter in Cosmology, Clocks and Tests 



of Fundamental Laws, Editions Frontieres, 
arXiv:astro-ph/9505117 ; same author. Pro- 
ceedings of the Fourth International Work- 
shop on Theoretical and Phenomenologi- 
cal Aspects of Underground Physics, Toledo 
(Spain) September 1995, Nucl. Phys. Proc. 



Suppl. 48, 131 (1996), arXiv:hep- ph/9610474 
and subsequent papers. 
L. Gonzalez-Mestres, arXiv:astro-ph/9606054 
and subsequent papers. 
L 



Gonzalez-Mestres, arXiv:physics/9706032| 
arXiv:physics/C)003080 and other papers of 



the same period. 

L. Gonzalez-Mestres, arXiv:hep-ph/0510361[ 



arXiv:hep-ph/0601219 



L. Gonzalez-Mestres, Proceedings of Interna- 
tional Symposium on High Energy Gamma- 
Ray Astronomy, Heidelberg, Germany, June 
26-30, 2000, AIP Conf.Proc. 558 (2001) 874, 
,arXiv:astro-ph/0011182 . 



